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ABSTRACT 


This study investigated differences in acquisition and transfer 
of matching and amatching in budgerigars. A second purpose was to test 


for associative symmetry in the transfer of an amatching problem. 


No significant differences between matching and amatching were 
obtained in the acquisition of the first problem. An increase in pre- 
solution accuracy for the second matching problem over the level in the 
first problem, and not for the second amatching problem, was the major 
difference between the two tasks found in this study. Both groups 
showed a significant increase of initial color preferences in presolution 


responding, comparing the second problem to the first. 


The principle of associative symmetry was strongly supported by 
the transfer data for amatching. Only slight negative transfer resulted 
from a reversal of correct and incorrect comparison values for a 


second amatching group. 


An extended coding hypothesis was proposed, incorporating central 
associative explanations in the original coding hypothesis. The coding 
hypothesis accurately predicted the acquisition results and the central 
associative explanations accounted for the positive transfer results 
obtained. The extended coding hypothesis accounted for both acquisition 


and transfer results. 


Budgerigars performed matching and amatching tasks at speeds and 
accuracy levels comparable to those reported elsewhere for chimpanzees, 


rhesus monkeys and pigeons. 
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INTRODUCTION 


The purpose of this study was to investigate possible differences 
in acquisition and transfer of matching and amatching in budgerigars. 
A second purpose was to test for the presence of associative symmetry in 


transfer of amatching. 


Differences in acquisition of matching and amatching 


Differences between matching and amatching can be described 


operationally, behaviorally, and conceptually. 


At the operational level, matching is a procedure employing a 
standard stimulus, ST, and two or more comparison stimuli, COs, only 
one of which is identical to the standard. The experimental subject is 
required to respond first to the standard and then to choose the identical 
CO as the correct response. Amatching employs COs that are different 
from the standard and requires the subject to choose the CO arbitrarily 
chosen by the experimenter to be paired consistently with a certain ST. 
Nonmatching or oddity is similar in format to the matching design, 
except that the subject must choose the CO that is different from the ST 


as a correct response. 


Behavioral differences in matching and amatching acquisition have 
been reported in several studies but the findings have been contradictory. 
Ginsburg (1955) compared the behavior of pigeons on matching, amatching 
and oddity tasks. He found that oddity was considerably easier for his 
subjects than were the other two tasks. Amatching tended to be of inter- 
mediate and matching of greatest level of difficulty, although the differ- 
ences between amatching and matching were not significant. The easier 


solution of the oddity problem was similar to the findings of Bitterman 


. 


es . 
MMOS Hest wvul tere) alts din) aadius incaven ol bedsequs fend 
; evan 


5 


waar 1th .«!dbwany asayh ramet oy wee Qowae mia ib sauymg ont 


_ — *< a on ~ oi 
: ie oe mar pronase. — 


, yim 2 
ev eid As yolks 00m here tat — 1 ivuents bets nage ete 


© eae | 7 
re v ' a/@v bic? *aag > SBR‘! sii 106° TeAy O72 aa # oF oy ear haw _ © 


Us i 
Onl) ne sae ie voter 


f 4 + reg ¢ “~" iw so mas? PooR al a, de 
a 1 Mi Aerie? : aie Fie —_ nt 
« 7 = 
‘ arth. 
- 1 miag hy a i ba) i wie #O0ND7IH 75 eM. — 
‘ - 
a¢4e 
y LnGeInto oF — Tt oT ois Vi jase Ie% 
i ee c Y BALD 4.0 . td a if liad ‘ ons SA 
i — 7 
: : ei” ie POA Qe Stu 2O, os, OPE Pt igt tliprhs baabaase 


, 7 —_. 
»? ’ noel th r Jocahee? edt: Qo Laatinsbl ef donde Secege 


ove \ 

m 69.0” gad) frie bo yabasS! of 8 te p21 OFMAe TY Og hetiupas 
oS 

2 
) #7002 e 2°CURe a ras ef3 aa 08 


a 

ef . add ob efi : P ban dyve ate adi as i 
' = as 

a oH by ] i Ariw wideotd a cp) e 7 S909 Ts. IAM 911 } vo is¥on, 
ens o 
«fe f t rane Tah | vj Ta uaie TO er: 2) Vr itpnae 3 i Leto mama 


ry TT ' + Tr re gy } Wig O ’ T tty ore Yon : Urey ' by hess sqeoRe 
i = _ 


POSTING © & 


LSADIRM iy RUSSIA HY Attn my i § y bey y Y bes yea (f2¥4) 9% , p . iy 
Pt . _ 
Te ey > 
S2i) US TULARE Pit aa SJ ot YI ihe frais ‘etadd. wih. * +® pep 3 49 Phe i » 


w™eini Yo sf 39 Celtew!, galisjand elem vet sebty ere “y = ote 


rns ails’ fperents be yore 234h Les aia ae 30 ignites a c me waa 


rade aa tT vines Jou: pate ‘aie 0 in ga tiem sk ‘ane d 2s 
ie iis he a ae 
ai é ies sl ‘diene we We bey ratio ete te: 


we i daemon 


: a) 
: 7 ) 7 


and Wodinsky (1953) for rats, and contrary to the findings of Skinner 
(1950) that for pigeons matching and oddity behavior did not differ 

in ease of acquisition. Cumming and Berryman (1965) also present 
contrary evidence which shows that while amatching was indeed inter- 
mediate in difficulty for pigeon subjects, in their study matching was 
acquired faster and oddity behavior improved at the slowest rate. Their 
Ss initially responded almost exclusively with position preferences 

in a matching task. As this control weakened, some color preferences 
were briefly displayed, then the hue of the ST stimulus gained control. 
Matching continued to improve to a near perfect level (Cumming and 
Berryman, 1961). Acquisition of oddity responding for four of six 
pigeons began at a high level but improved very slowly. Five of the 
six Ss showed lower position preferences than had those in matching, 
reduction of which were not correlated with the emergence of the 
correct behavior (Cumming and Berryman, 1965). Overall accuracy 

of amatching at various stages in learning for pigeons appeared to be 
intermediate between those for matching and oddity and the Ss exhibited 
slightly greater tendencies for position habits than did those in 
oddity but not up to the level of those in matching (Cumming and 
Berryman, 1965). The differences for amatching may have been due to 
oddity type trials in the sequence. However, since neither these trials 
nor those in which all three stimuli were different were responded to 
as the subjects did to matching tasks, the experimenters concluded 

that matching and amatching may be inherently different (Cumming and 
Berryman, 1965). Meltzer, Maxey and Merkler (1966) reported asymp- 
totic accuracy to be the same for sequential matching and amatching 


problems for squirrel monkeys. A sequential or adjustable comparisons 
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technique combines simultaneous ST and one CO presentation; the subject 
responds to consecutively change COs until a choice response is made to 
terminate the trial. Because of the findings by Meltzer, Maxey and 
Merkler (1966) that overstep-trial ratios (the number of times per trial 
that the subject changes the available CO before making his choice) and 
right-key responses were higher for amatching and that the differences 
did not disappear when accuracy levels were equivalent for the two tasks, 
the authors suggested the possibility that there is a qualitative dif- 


ference between the problems. 


According to Cumming and Berryman (1965) certain hypotheses, 
such as position preferences, may yield faster learning than others 
and may help to explain differences in matching and oddity by the kinds 
of hypotheses each task produces. They used Tolman and Kreshevsky's 
definition (1933) of hypotheses as the names given to observed relations 
between stimuli and responses and having these characteristics: 
systematic, selective and self-initiated. In simultaneous matching 
almost complete position preferences (exclusive choice of one CO po- 
sition) were observed (Cumming and Berryman, 1965). Pigeons switched 
from zero-delay (ST offset at CO onset) to simultaneous (ST on in the 
presence of the COs) tasks showed an abrupt shift to complete position 
preferences from partial preferences (Cumming and Berryman, 1965). In 
form matching, acquisition did indeed proceed more rapidly when a 
strong position preference was evident (Cumming and Berryman, 1965). 
Color preferences might hamper acquisition by continual failure to 
reward the nonpreferred color and by maintaining responding to the pre- 
ferred color with partial reinforcement of 50 percent. 


At a conceptual level, mechanisms that have been proposed to 
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4 
account for matching behavior yield varying predictions for differences 
in acquisition of matching and amatching. Central association expla- 
nations predict faster acquisition of matching than amatching because 
of ST-CO’ similarity. "The ‘abstract generalization mechanism' assumes 
that the abstract relationships of likeness and of difference may func- 
tion as cues (Nissen, Blum and Blum, 1948, p.73)." This mechanism ex- 
plained the acquisition of matching behavior as association of approach 
to likeness and avoidance of difference. Kohler stated that: "...both 
Bromley and similarity of items favor their organization in a unitary 
experience (1941, p.493)."" Whatever favors organization in his view, 
also favors association and recall. According to Ginsburg (1955) 
central association mechanisms could account for problem solutions in 
matching and amatching and with an analysis of the correction method of 
responding used in his study might also account for obtained differences 
in the rate of learning. The crucial assumption for matching and 
amatching in these viewpoints is the importance placed on similarity of 


stimulus characteristics. 


The total stimulus configuration may be controlling responding 
in a particular direction in matching tasks (Gulliksen and Wolfle, 1938). 
The configuration explanation states that the difficulty of the problem 
is inversely related to the distance between the two configurations. 
Distance is defined as complexity of the discriminations to be made 
between stimuli. In matching the ST-co* pair of stimuli comprise a 
configuration in which the color is identical and the size is larger 
than the size of the CO . In amatching three colors must be discrimi- 
nated and size is not available as a cue, making the configuraticns more 


difficult to discriminate than in matching. This explanation would 
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predict greater difficulty in acquisition of amatching. The results 
from a study of acquisition and maintenance of matching without a re- 
quired response to the ST and with simultaneous ST-CO onset suggested 
that a unitary stimulus explanation was difficult to apply to matching 
(Eckerman, Lanson and Cumming, 1968). Acquisition and accuracy were 
both decreased even though a correct CO response was to the larger of 
the two stimulus configurations as in other matching experiments. The 
importance of temporal sequencing and/or requiring an ST response were 
seen by the experimenters as stronger evidence for a mediational expla- 


nation of matching than a configuration explanation. 


A mediational model of stimulus control of matching behavior was 
proposed by Cumming, Berryman and Cohen (1965). The mediating event 
that occurs between the presentation of the ST and a final choice re- 
sponse to a CO is a coding response. The "coding hypothesis" states 
that the subject "...learns to make an appropriate coding response (r,) 
in the presence of a particular standard stimulus (ST). In the presence 
of Ts the two comparison stimuli (CO, and eo”) are presented. The 
chain ST r,/COPR, is reinforced, while ST wry cone is extinguished 
(..-r,/CO,... denotes simultaneous presence...) (Cumming, Berryman and 
Cohen, 1965, p.437)." Coding responses are acquired to each ST and 
responses to the COs are reinforced or extinguished to each coding 
response. The coding hypothesis explains both matching and amatching 
but makes no predictions of differences in acquisition without an addi- 
tional assumption that coding responses and comparison stimuli are 


associated more or less easily if they are similar. 


Matching and amatching acquisition have been found to differ in 


the following: speed of acquisition, overall accuracy, and amount of 
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presolution position habits in simultaneous problems, and overstep- 
trial ratios and right-key responses to sequential problems. Dif- 
ferent use of hypotheses, such as position preferences, in matching 
would lead to faster acquisition than for amatching. Central asso- 
ciation and stimulus configuration explanations predict faster acqui- 
sition for matching because of ST-co* similarity, wiite the coding 
hypothesis predicts no difference in speed of acquisition. The first 
goal of this study was to further explore differences in matching and 
amatching SLT er since some findings of differences have been 
contradictory and explanations of acquisition of these tasks yield 


different predictions. 
Differences in transfer of matching and amatching 


Comparisons of these two tasks in transfer to a second problem 
have not been reported. Data for transfer of simultaneous matching to 
a second task show that chimpanzees and rhesus monkeys respond with 
high accuracy on first exposures to matching novel stimuli (Weinstein, 
1941; Nissen, Blum and Blum, 1948). The results with pigeons are less 
clearcut. One study reports high accuracy on the first exposure to a 
second matching task for one subject and considerable savings in reach- 
ing criterion for others (Ginsburg, 1955). Cumming and Berryman (1961) 
report there was no generalization to the novel stimulus or evidence 
of the formation of a "matching" concept the first day of generalization 
testing. The appearance of improvement on the second day of testing 
was attributed to the requirement of having to learn correct responses 
to one new ST being easier than the first problem. They also rep rt 
(1965) that stimulus changes to test for transfer of matching and oddity 


were initially responded to by a reversion to presolution methods of 
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responding. Cumming, Berryman and Cohen (1956) used a zero-delay task 

to study transfer of matching and reported that responding to the new 

ST was well below chance initially, showing negative rather than positive 
transfer of matching. Another experiment with the zero-delay technique 
demonstrated considerable negative transfer to the fourth of the four 
possible stimulus configurations in a two-choice matching task after 
acquisition of three of the configurations, indicating that responding 

in the first task was specific to the stimuli employed and that a 

general "matching" concept had not been learned (Kamil and Sacks, 1972). 


No results have been reported for transfer to a second amatching task. 


Configuration and central association explanations of matching 
and amatching behavior would predict greater transfer of matching than 
amatching: the former because the cue of size of stimuli could have 
been the basis for solution in the first task and this property would 
still apply to the second situation and the latter because of the as- 
sumption that similarity of stimulus characteristics favors solution. 
The coding hypothesis would not necessarily predict differences in 
transfer between the two tasks since in each instance two new coding 
responses must be acquired to solve the second task. Any differential 
predictions from the coding hypothesis would be based on assumptions 
as to which coding responses would be substituted until correct coding 
responses were acquired to new STs. The problem with making these 
predictions is the determination of differential coding response 
strengths before the transfer task. Hypotheses, such as position pref- 
erences, might be expected to continue to favor matching in speed of 


acquisition of the second task. 


Matching behavior may or may not show positive transfer de- 
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pending on the transfer measure and on the species. Data on amatching 
transfer to a second task is not available. Explanations which dif- 
ferentially favor one task in transfer suggest that matching should 
show greater transfer because of factors like stimulus similarity, size 
of stimulus configuration or methods of presolution responding. This 
study was designed to compare the transfer of matching and amatching to 
a second problem since this had not been reported and data on matching 


transfer show variable results. 


Associative symmetry in amatching 


An additional purpose of this study was to test for the presence 
of associative symmetry in budgerigars. Asch and Ebenholtz's principle 
of associative symmetry states that "When an association is formed 
between two distinct terms, a and b, it is established simultaneously 
and with equal strength between b and a (1962, p.136)." The principle 
contains thie assertions: first, that a unidirectional or asymmetrical 
association cannot be established between distinct terms, secondly that 
associative symmetry is not dependent on the learner's intention or 
effort, and thirdly that the relation holds for individual associations. 
Association and direction are two distinct processes. When forward and 
backward associations are established, they are equal in strength but 
may vary in availability, defined as a condition of the recall process 
distinct from the association process. Availability is ease of recall 


and is related to the subjects' previous opportunities to respond. 


The experiments by Asch and Ebenholtz (1962) to test the prin- 
ciple yielded several conclusions. Stationary, simultaneously presented 
pairs of visual forms with near equal availability were responded to 


by human subjects without favoring direction. With the standard antici- 
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pation method of verbal paired associate learning, the pair members were 
unequally available, backward association was much weaker than forward, 
and these two were directly related. By equalizing item availability, 
differences between forward and backward associations were eliminated. 
This principle has been researched considerably in humans and is gen- 
erally supported (Ekstrand, 1966). One study with human subjects equated 
availability of the stimulus pair members by using simultaneous presen- 
tation and by pairing numerals and colors which were both deemed highly 
available stimuli. Symmetry of forward and backward associations was 
demonstrated by the lack of differences in errors for the directions 


(Hoats and Gerjuoy, 1966). 


Gray (1966) conducted a test of the Asch-Ebenholtz principle 
using a zero-delay situation. By requiring responses first to the ST 
then to the cot stimulus, he concluded that "availability" was equal- 
ized and that this would account for his finding that forward associa- 
tions were not significantly stronger than backward associations. 

Three pigeons were trained to a criterion of 75% correct for two con- 
secutive sessions of 56 trials and then given three tests of 28 un- 
reinforced trials for backward, forward and then backward associations. 


Two subjects showed significant backward associations. 


The present study aimed to extend the findings on associative 
symmetry in humans and pigeons to the budgerigars. In the present 
study the simultaneous technique should more nearly equate availability 
than in Gray's zero-delay task (Asch and Ebenholtz, 1962). A higher 
accuracy is usually found in simultaneous than zero-delay matchii.y tasks 
(Cumming and Berryman, 1965) and this should facilitate testing for the 


presence of symmetry by reducing error influences. A savings technique 
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of testing for symmetry avoids any influences that extinction processes 
may have on accuracy during the test period. The present study also 
employs a larger group of subjects, a different species, a linear 
rather than triangular stimulus array, and different combinations of 
ST-CO* pairs. In this study if animals continue criterion level re- 
sponding when the stimulus positions are reversed, ‘so that former STs 
become COs, this would support the principle of associative symmetry. 
Matching and amatching in budgies 

The final goal of the present study was to extend the application 
of the designs of matching and amatching to a new species, the budgerigar 
(Melopsittacus undulatus). Brockway has published several studies on 
the biology and natural behaviors of budgerigars (1962, 1964a, 1964b, 
1965 and 1967). Recently, psychological studies have been conducted 
with budgerigars conditioning vocal responses (Ginsburg, 1960), demon- 
strating the occurrence of observational learning (Dawson and Foss, 
1965), studying the preference for mirror-image stimulation (Gallup and 
Capper, 1970), measuring flicker thresholds (Ginsburg and Nilsson, 1971) 
and studying discrimination and maze behavior (Cogan, Inmam and Gambrel, 


19715 


Species differences in matching and amatching are apparent in 
comparing several investigations of these tasks. Children showed greater 
transfer of matching on generalization tests than did rhesus monkeys 
(Weinstein, 1941). Chimpanzees learned matching faster than rhesus 
monkeys (Nissen, Blum and Blum, 1948). Intra-dimensional transfer 
occurred more readily in rhesus monkeys (Jackson and Pegram, 1970) than 
in pigeons (Ginsburg, 1955, Cumming, Berryman and Cohen, 1965s) Cohen, 


1969). Generalized matching was demonstrated with chimpanzees (Nissen, 
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Blum and Blum, 1948) and with rhesus monkeys (Mishkin, Prockop and 
Rosvold, 1962). Pigeons successfully acquired matching behavior with 
an adjustable comparisons method of stimulus presentation (Cohen, 

1969) but sequential matching and amatching problems were only acquired 
by ein, monkeys when fading techniques of presentation of stimuli 
were used (Meltzer, Maxey and Merkler, 1966). The importance of the CO. 
may be different for some primates and for pigeons (Harlow, 1951; 


Ferster and Hammer, 1966; Malott, Malott and Svinicki, 1967). 


Budgerigars were chosen for the present study to compare with 
matching and amatching data in pigeons. The brain of the budgerigar is 
more evolved than that of the pigeon with larger cerebral indices for 
the areas of the cerebellum and the hemispheres. The cerebral index 


utilizes a basic unit, the ©...mass of the brain stem rest of a galli- 


naceous bird of a given body weight," 


and then relative mass develop- 
ment for brain parts is obtained in relation to this unit (Marshall, 

1961, p.34). The purpose of utilizing different species is to extend 
the generality of findings in acquisition and transfer of matching and 


amatching tasks, since some species differences have previously been 


noted. 


Design of the study 

The present study employed two stages of learning matching and 
amatching tasks. The first stage was designed to compare possible 
acquisition differences in the two tasks. In the second stage, new 
stimuli were given to the matching Ss and to the amatching control Ss 
to study the effects of learning a second problem for which associations 


learned previously had no bearing on the solution. A second amatching 
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group experienced a reversal of stimulus roles in which STs were now COs 
and vice versa. For this group, if the associations learned in stage 
one were equidirectional then Ss would show high positive transfer in 
the second stage and this would support the principle of associative 
symmetry. A third amatching group experienced stimulus role reversal 

in the second stage and also a reversal of correct and incorrect COs 

for each ST. For this group, the associations learned in the first 


Stage might be expected to interfere with second stage performance. 


The configuration and central association explanations suggest 
that matching should be acquired faster and should show greater transfer 
than amatching. The coding hypothesis would predict no differences in 
acquisition and transfer of matching and amatching. A central associa- 
tion explanation would predict a finding of associative symmetry and 
negative transfer of amatching since the associations learned in the 


first stage would control responding in the second stage. 
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METHOD 


Subjects 

Twenty-eight male budgerigars, Melopsittacus undulatus, served 
as subjects. The Ss were approximately two to three months of age when 
obtained from local pet stores. They were maintained in individual 
cages with free access to gravel, water and cuttlebone. After free- 
feeding weight was established on Hartz Mountain budgie seeds, gradual 
food deprivation was introduced, reducing access to food by several 
hours each day until food was available for approximately 15 minutes 
daily. This resulted in body weight maintenance at about 80% of free- 
feeding weight. A twenty-ninth subject failed to display any progress 


in amatching and was discontinued after one thousand trials. 


Apparatus 


The stimulus panel contained three one-half inch diameter, cir- 
cular Plexiglas windows one and one-half inches apart from center to 


center and arranged horizontally above an automatic feeding cup. Dur- 


ing testing the subject's home cage was placed in front of the apparatus. 


Opening the cage door allowed access to the stimulus panel and feeder. 
When a response key was operative, it was illuminated from the rear 
with light passed through a colored plastic filter. Prior to each 
trial, switches on the control panel were set to determine the colored 
stimulus for each key. At the beginning of a trial only the center 
key was illuminated with an ST stimulus. A response to the center key 
turned on the two side keys with two CO stimuli end the center key 


remained illuminated. The response to the center key rendered its pen 
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inoperative until the next trial. A response to a side key whether 
correct or incorrect, terminated the trial, darkened the keys, and 
advanced the apparatus to the next trial in the sequence. Correct 
responses were reinforced by three séconds access to the feeder cup 
containing Hartz Mountain budgie seeds. Each trial was followed by a 


mean variable intertrial interval of 15 seconds. 
Procedure 


Pretraining began with the familiarization to the appearance of 
the apparatus and learning to feed from the feeder cup. Once feeding 
behavior occurred readily, presentation and removal of the feeder with 
the motor was introduced. By a successive approximations technique, 
key pecking was acquired to the center stimulus key, illuminated by 
white light. The final step in pretraining was the establishment of a 
response chain of a peck to the center white key followed by a response 
to one of the colored side keys, with the other side key remaining 
darkened. Two consecutive sessions (80 trials) of correct responding 
to the chain were required before the matching or amatching problems 


were first presented. 


The design of the experiment involved two stages of learning 
and six groups of subjects. Two groups, M, and M,> received training 
on simultaneous matching to sample with two colored stimuli in stage I 
and then learned to match two different colors in stage II. Amatching 
tasks were provided for the four remaining groups, A, a Ay» using four 
colored stimuli in stage I. In stage II, A, experienced the same four 
stimuli with the same correct combinations but reversing the roles of 


STs and COs. A, had reversed roles of STs and COs as well as reversed 


ee ee 
: | r, oe. 7 7 


| geitdedw qat abla « oF. , i 
ban .yod alg bus oieb: tnt axl paneniartad anwesesnt | . eT 


ase 
sid ek -Tedes sen oft. at ansexsqge ia ew 


S 77) wear 
cyew soenaqest 


jnouded sorts 


tulon? ori9 93 Pc ail ebaoueé sii? vd hegsotatet 


qua 
mie : 
J es 5 4 ; Ww Fi 7 1 e~ 
a wi bgvolifalt aew Matt foes eboes 21; gud nlAdanat sivati gaky - 
7 _ 
ahpwooe 21 Yo fevraadh Lelrspatat vl darre : 34 
4 a = ; ; ' — c 
io snaeTaved iy O32 0 axitphiidea? of i stv oegee eas che tie? 
> 
gn ; ia robau? sif mort boe? of “Gurinsre hoe th exeqge, end 
oe 
449) yohoat aly J cyouot Yow oofspideest] <victwed beaiuses olwinnd ‘all 
j fi nv i ico Q E q | rq 
(iT) .weal BU litte sO: 2 Sottupgs aavw 
’ ia afl . | it ,iIesC } fyi } 
“1 t ifhoa) i 4 iad odo oF A69q 8-70 
vii m4 asl pio > 194 SHY NILM «4 2eY 1 ola 4 Ce ' 
bs , 1% Ad Ma { ferss ‘ ) ed 218 2 avis rh < ‘T 
} «7 salridwis sO anctnotan Tir 1 bat pad iow tisis 
on AgSsus 
ry nuy Ml % =f ja owd fevinvel p.m iadyis, say if nataat 
: . 7 oe x 
Rit Lut hbovivant ¢.° pie 4 ,equcrs owd 4 afi # 19 2qery eh , Du 
= bad a 7 
: Wires 
] ogana cf blombin botélos ow) daly siqane 9 nism, eynoneg as ; ae 


. 7 
euniwtoramsA .J1 unaye of agnles sqanmrith ows wig “ip a) beter Lael 


_ 
ee 
‘44 


_ wnt nd ihe oe vequats seit ha 107 Siis ot be 
: * a 


- quot ge itt baie: aid 28» J are ouside ul a aaa. ak Lomita hi 


r 


yA an i 
te agbuy. ofd'y pe soves ‘aud na? 290 12" ane onpa's pares 
asa a 0 tsi aia sc edie th 

: en hier 10 alex boat ava hs bat A 
- aia i; 


- o : . 
ic ~ a i : 


15 


correct and incorrect values for each possible combination. Groups A, 
and A, were given two new stimuli in place of the former STs and the 
former STs became the new COs. The same task was presented to all 
amatching groups in Stage II. The stimuli for each group at each stage 


are presented in Table l. 


Table 1. Design of the experiment. 


a SSS SS SSS SO EESNESOEASSOOE 


Groups Stages 
N I thal 
M, 3 R-R G B=5..Y 
G-G R Ye B 
M, 3 B=BRY R-R G 
Y=YeB G-G R 
Ay 6 [bhai 4 R-B G 
Y-G B G-Y R 
A, 6 B-Gey. R-B G 
Moat 1) G-Y R 
A, 2 V-R O R-B G 
O=G iV G=Y-R 
A, 3 = Tay, R-B G 
V-G 0 G-Y R 


M - matching, A - amatching, R - red, G - green, 
B= blue, Y = yellow, V —- violet, O = orange. 
STs are represented in the center of the cells. 
Correct COs appear to the left and incorrect COs 
appear to the right. 


The matching groups, My and M,> received reversed orders of 
stimuli for stages I and II in order to control for possible acqui- 
sition differences for different colors. Only three Ss were used in 
each group since no differences were predicted from order of stii.uli 


and the groups would later be combined into one matching group, M. 


For amatching groups, A. and Ay» no differences in acquisition were 
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predicted for the different correct stimulus pairs in stage I. They 
would be combined into a single group, A.» to compare with M to look 
for general differences in matching and amatching in learning a second 
task in which associations learned in the first task would not yield 
solutions. Aw would also serve as a control group to separate the 
effects of learning a second amatching task from the predicted effects 


of associative symmetry for Ay and negative transfer for Ay: 


Color stimuli were chosen since Plath (1935) demonstrated the 
presence of good spectral discrimination in the budgerigar and since 
Cumming and Berryman (1965) stated that for pigeons matching of hues 


is more rapidly acquired than is the matching of forms. 


Daily training sessions consisted of approximately forty trials. 
Only the last 20 trials per day were used to calculate accuracy levels, 
utilizing all previous trials as warmups. The criterion of acquisition 
for stage I was 16 or more correct out of the final 20 trials on two 
consecutive days. This (80%) level differs from chance, 50% accuracy 
on a two-choice problem, at the .05 level. Following attainment of 
this criterion, all subjects continued on stage I problems for seven 
days of overtraining before being shifted to stage II. Ellis (1965) 
summarizes results from human verbal learning and animal discrimination 
learning which show that, in general, increased practice on original 
learning tasks facilitates positive transfer. Seven days of overtraining 
would allow subjects to respond at high accuracy levels for a large 
number of trials when compared to the acquisition of stage I. The 
stage II criterion was two consecutive sessions with 16 or more correct 


choices out of the final 20 trials. 
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Four different sequences of 20 trials each were made up from 
selected random orders, using Gellerman sequences (Hilgard, 1964), to 
insure that correct positions and colors were equally represented and 
that colors occurred equally in both positions. No more than three 
consecutive trials, correct positions, or correct colors were identical. 
One sequence was presented twice during one daily session for two ses- 
sions, then another was introduced for two sessions until all four 
sequences had been completed. The order was repeated throughout train- 


ing and overtraining sessions. 
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RESULTS 


All data presented in the results are combined into group perfor- 


mance. Individual data are available in the appendix. 
Acquisition of matching and amatching 


The acquisition data presented in Table 2 include mean trials to 
criterion, mean number of correct responses on day 1 and mean number of 
correct responses during overtraining. All responses during acquisition 
were used to calculate the first measure. The latter two are based on 


the final 20 trials of the sessions designated. 


Table 2. Acquisition of matching and amatching 


2 1 2 3 4 
Mean trials 
criterion L233 666.3 6675 883.3 934.4 946.0 
Mean correct 
on day l 8.0 9.0 955 8.83 9.6 10.0 


Mean correct in 
overtraining 7 eas 17.14 18.10 Toe2e 16.63 16.60 


There were no significant differences in acquisition between 
matching and amatching. A randomized groups analysis of variance on 
mean trials to criterion showed no differences between groups on this 
measure, F(5,22) = .687, p>-05 ,» (Table 3). Matching groups My and M, 
did not differ significantly on mean trials to criterion, t(4)ee'e17, 


p>-05 . The results of these groups were pooled for later comparisons 


and designated as group M. Groups A, and A, did not differ in acqui- 
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sition as measured by mean trials to criterion, t(8) = .05, p>.05 , and 
were pooled into group A. for transfer comparisons. The acquisition 
results for all four amatching groups were combined to compare with 

group M. The t tests on the measures in Table 2 showed no significant 
differences between matching and amatching for mean trials to criterion, 
t(26) = .86, p>.05 » mean correct responses on day 1, t(26) = 1.44, p>.05 , 


or mean correct responses during overtraining sessions, t(26) = .46, p>.05 


Table 3. Summary of analysis of variance, randomized 
groups design, for acquisition of stage I. 


Source of Sum of Mean 
Variation Squares dace Square F 
Treatments 417,976.34 5 plein Ol Leal 687 
Error WoW hay, Ue teens) 22 1217561020 

Total 350935411572 ah 


Matching and amatching Ss did not significantly differ in type 
of initial response preferences displayed during zvaaievacal ray ED, = 
L983; p>.05. Preferences were consistent selections of one color or one 
position, occurring 75 - 100% of the final 20 trials of sessions. Pref- 
erence types noted in the data were color and position. Initial pref- 
erences were those displayed first during the presolution period. The 
predominant type during acquisition of both tasks was a position pref- 
erence: for five of six matching Ss, and for 14 of the 22 amatching 
Ss initially and for 18 of the 22eius. prlOretOucri terion glevelere] 
sponding. No consistent differences were apparent in percentage level 


of preference responding for matching and amatching. Twenty-six Ss 
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first solved a stimulus configuration containing either a preferred 
color or position, z = 4.34, p<.01 - Stimulus configuration solution 


was defined as a maintained accuracy of 80-100% correct responding. 


An examination of the curves of acquisition for the whole tasks, 
for separate STs and for separate configurations revealed no consistent 


differences between matching and amatching in the form of the curves. 


There were no significant differences in acquisition of matching 
and amatching obtained from analyses of mean trials to criterion, mean 
correct responses on day 1, and mean correct responses in overtraining, 


or from examinations of acquisition curves and preference data. 


Transfer of matching and amatching 


Table 4 presents the mean trials to criterion and mean number of 
correct responses on day 1 in learning the second matching or amatching 
problems. The first measure includes all trials to criterion; the 


second is based on the final 20 trials of the session. 


Table 4. Transfer of matching and amatching. 


M AL A, A. 
Mean trials to 
criterion ald 210 Lal's 7; 615.8 465.0 
Mean correct on 
day l LO ey 16.5 9.67 9 SL 


The t-tests for differences between groups M and A. showed no 
significant differences in mean number of trials to criterion, t(14) = 
.42, p>.05 , in mean number of correct responses on day 1,.t(14)°= 1:07, 
p>.05 , or in percentage savings scores, Mann-Whitney U= 13, p>.05 : 

The percentage savings for Ss were computed on the number of trinls to 


hs a 
criterion for the first and second problems, by the formula a : 
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Table 5. Summary of analysis of variance comparing 
blocks and stages for group M. 


a 


Source of Sum of Mean 
Variation Squares Cais Square F 

A: Stages 12.33 1 12939 19 .08* 
Error (a) 37.94 10 Se) 

B: Blocks (Le eae, 3 14.41 5.07% 

A x B: Stages x Blocks 7.75 3 2.58 eM 

Error (b) 65213 30 2.84 
Total 246.37 47 *p<.01 


ee ee eee 
Accuracy during the presolution period of stage II was signif- 
icantly higher than in stage I for matching group (Figure 1). The 
mean number of correct responses on the final 20 trials of one-quarter 
blocks of presolution days were calculated to obtain a comparison of 
the group acquisition of the two problems. A blocks x stages analysis 
of variance revealed that there was a significant difference between 
the stages, F(1,10) = 19.08, p<.01 » (Table 5), a significant increase 
over blocks, F(3,30) = 5.07, p<.01 » (Table 5) and that the form of 
the curves for the two stages was essentially similar, F(3,30) = .91, 
p>.05 » (Table 5). Group A. showed essentially similar presolution 
acquisition curves for the two stages (Figure 1). The matching and 
amatching groups, M and A.» differed significantly on mean number of 
correct responses on the final 20 trials of blocks 1, 2 and 3 of 
stage II, t(14) = 1.87, p<.05; COLA) eae? 33, p<.05 ; and t(14) = 4.32, 


p<.01 , respectively. 


There were no significant differences in initial preference type 
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displayed in acquisition of a second problem for matching and amatching, 
M and Asx? (1) = 248, p>.05 . These two groups tee more initial 
color than position preferences in the second presolution period. The 
change in initial preference type from position in the first problem to 
color in the second problem was significant for both groups ere = 


5.49, p<.02 ; Ac) SREY) PRMD 


The ae in presolution accuracy for the second matching 
problem and not for the second amatching problem was the major differ- 
ence between the two tasks found in this study. No significant differ- 
ences in transfer to a second problem for matching and amatching were 
found in mean number of trials to criterion, mean number of correct 
responses on day 1 of the second problem, in percentage savings scores 
or in types of initial preferences displayed in the presolution period. 
Both groups showed a significant change of type of preferences ini- 
tially displayed in the first and second tasks, from position in the 


first to color in the second. 


Associative symmetry and negative transfer in amatching 


A randomized groups analysis of variance on the mean trials to 
criterion for stage II showed significant differences between groups on 
this measure, F(3,24) = 5.52, p<.01 , (Table 6). Multiple comparisons 
among the group means (Dunn, 1961) showed this significance was due 
to the mean score of the associative symmetry group, Ay: The differ- 
ence between Ay and A. on mean trials “to oe eaarerteies Sebi les 4) was sig- 
nificant at the .05 level, t(22) = -2.96 . Significant results were 


also obtained for the mean number of correct responses on day 1 ,iable 


4), t(14) = 5.32, p<.01 , and for percentage savings scores, Mann- 


Whitney U 2, p<.001 . The number of trials required for the Ay 
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24 
subjects to complete criterion for the two stages were significantly 
correlated, r = .75, t(4) = 2.77, p<.05 , indicating a possible rela- 


tionship between ease of acquisition of the first task and the strength 


of the backward associations, measured in stage II. 


Table 6. Summary of analysis of variance, randomized 
groups design, for acquisition of stage II. 


nner nner ee eee re SSS SS SSS SSS SSS SSS 


Source of Sum of Mean 
Variation Squares feb A Square F 
Treatments 866 ,826.8 3 288,942.27 5.02% 
Error 1,256 ,494.16 24 yan es pel’ 

Total Zel235320-90 7 *p<.01 
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Group A, for which negative transfer was predicted did not sig- 
nificantly differ from A. on mean trials to criterion, t(14) = 1.27, 
p>.05 » (Table 4), on mean number of correct responses on day 1 of 
stage II, t(14) = .40, p>.05 , (Table 4), or in percentage savings 
scores, Mann-Whitney U = 25, p>.05 . Although some improvement in pre- 
solution accuracy for A, in stage II appears to have occurred (Figure 1), 
the stages did not significantly differ in level, F(1,10) = 1.05, p>.05 , 
(Table 7). The only significant effect in the blocks x stages analysis 
of variance was the increase in accuracy over blocks, F(3, 30) = 13.86, 
p<.01, (Table 7). Two A, subjects, A,-1 and A,-2, showed negative 
transfer as revealed by percentage savings scores of -75 and O respec- 
tively. Percentage transfer for these two was -36.95 (Murdock's formula 


1957). The remaining Ay group members showed positive transfer to the 


second problem, (5.23, Murdock, 1957). 
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Table 7. Summary of analysis of variance comparing 
blocks and stages for group Ay: 


ee 


Source of Sum of Mean 
Variation Squares dicts Square F 
A: Stages 6.66 1 6.66 05 
Error (a) 63.6 10 656 
B: Blocks 51.96 3 L728? 13.86* 
A x B: Stages x Blocks 3.08 3 1.03 62 
Error (b) B75 5 30 125 
Total 162.8 47 *p<.01 


a ea ee ee ee eee ee 
Significant evidence for associative symmetry in amatching was 
found in mean trials to criterion of the second problem, in percentage 
savings scores, and the mean number of correct responses on day 1 in 
stage II. Only two A, subjects showed the predicted negative transfer. 
The A, group results did not significantly differ from A. on mean trials 


to criterion, mean number of correct responses on day 1 in stage II or 


percentage savings scores. 
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DISCUSSION 


Differences in acquisition of matching and amatching 


The present study showed no significant differences in acquisi- 


tion between matching and amatching on any of the variables measured. 


This result was predicted by the coding hypothesis since each 
task is solved by learning to make two correct coding responses and then 
acquiring the correct overt response to each. The configuration and 
central association explanations both predicted matching to be easier 
to acquire: the former because the identical stimulus would allow the 
cue of stimulus size to be used in solution and the latter because stim- 
ulus similarity and identity are assumed to facilitate the formation of 


associations. 


The assumption of a response to identity is crucial to central 
association views of learning (Kohler, 1941). Pigeons and rhesus monkeys 
have demonstrated an ability to learn to respond to similarity and iden- 
tity (Weinstein, 1945; Ginsburg, 1955; Wright, French and Riley, 1968) 
but they do not initially show this type of responding and one study 
with pigeons demonstrated that previously strong responses to COs or 
coding responses to STs rather than stimulus similiarity controlled the 
responding to new STs (Cohen, 1969). The absence of significantly 
greater acquisition of matching over amatching in stage I of this study 


casts further doubt on the validity of this assumption. 


Amatching tended to be more difficult to acquire as measured by 
mean trials to criterion. This result is more similar to the findings for 


pigeons reported by Cumming and Berryman (1965) than to the findings by 
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Ginsburg (1955). Cumming and Berryman (1965) speculated that the presence 
of oddity trials in the sequences of the amatching problem in their study 
might account for some of the differences found but that inherent differ- 
ences may exist between the two problems of matching and amatching. 

The oddity trials were those in which either a response to the odd stim- 
ulus or a response to the ST-co* pairs would be correct. The present 
study employed stimuli and sequences similar to those in Ginsburg's 

study but changed to a noncorrection from a correction method of trial 
advancement. Ginsburg (1955) suggested that a correction requirement 
might have reinforced oddity responding in a chain to respond first to 


the odd and then to the matching stimulus in his study. 


The present study excluded the effects of reinforcement of oddity 
responding by presenting three different stimuli on each trial in 
amatching and by employing a noncorrection requirement. Only a slight 
difference between matching and amatching in mean trials to criterion, in 


favor of matching, was found. 


The coding hypothesis made no prediction of significant differ- 
ences in acquisition of matching and amatching. Since differences 
usually reported between these two tasks (such as speed of acquisition, 
overall accuracy, presolution preferences and form of learning curves) 
did not appear, the present findings do not support a speculation of 


inherent differences in acquisition of matching and amatching. 


Differences in transfer of matching and amatching 


Matching Ss showed a significant increase in presolution accuracy 
in the second problem as compared to the level for the first problem, 


and amatching Ss did not. No other variables demonstrated significant 
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differences in transfer between the two problems. Both groups displayed 


more initial color preferences in the second problem than in the first. 


The coding hypothesis made no prediction of differences in trans- 
fer of the two tasks since both groups were required to learn coding re- 
sponses to two new stimuli and to learn the correct overt responses to 
each. This approach failed to predict the presolution accuracy increase 
for matching. The learning of coding responses in the first task might 
have influenced the Ss tendency to respond to color as reflected in the 


increase in initial color preferences in the transfer problem. 


The configuration explanation predicted greater transfer of match- 
ing than amatching because stimulus size would still obtain as a cue to 
solution in the second problem. If acquisition of stage I occurred as 
a result of responding in the direction of the larger stimulus area, 
then matching Ss should have shown immediate transfer to a second prob- 
lem. In amatching, four new total configurations would have to be dis- 
criminated and directional responding to them acquired. Little transfer 
to a second amatching problem would be expected. The increase in pre- 
solution accuracy for matching Ss but not amatching suggests that a 
configurational cue may have been employed. However, the increase in 
color preferences for matching as well as amatching Ss indicated that 
the cue being responded to was probably color rather than size. Since 
only slight positive transfer for matching was found and since stimulus 
size was not demonstrated to be in control, the configurational pre- 
diction of transfer differences between the two groups is not well 


supported. 


The central associative explanation also favored matching in a 


transfer task because stimulus similarity or identity favors faster 
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associative formation. Matching Ss did show greater transfer on one 
variable, the increase in presolution accuracy, however amatching Ss 
tended to show more transfer than matching in some other measures, such 
as savings in mean trials to criterion. The change to color preferences 
could be the result of learning associations in the first problem on the 


basis of color, according to the central associative view. 


This portion of the study shows some evidence that the Ss were 
learning to respond to stimulus similarity or identity in terms of color 
and the results were more predictable from a central associative approach 


than from a configuration explanation or a coding hypothesis. 


Associative symmetry and negative transfer in amatching 


Strong evidence for positive transfer was found for group A, in 


1 
mean trials to criterion, in mean number of correct responses on day l 


and for percentage savings scores in the second problem. 


The rapid reversal of roles between STs and COs that was demon- 
strated by subjects in group A, in stage II, demonstrated the phenomenon 
of backward association and supports the view of Asch and Ebenholtz 
(1962) that associations that are formed between two stimuli in a paired- 
associate learning situation are symmetrical, that is, either stimulus 
can serve as a stimulus for the other. When subjects learned to choose 
blue when presented with a red standard and to choose yellow when pre- 
sented with a green standard, they appeared to learn that blue and red 
were a stimulus combination, as were yellow and green. The findings 
of the present study are congruent with data on humans which suprort 


the associative symmetry principle when item availability is equalized. 
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Although the association between ST-CO’ pairs in stage I could not 
be explained in terms of central association viewpoints regarding the 
importance of stimulus similarity, these explanations predict that once 
the STs and COs were associated, the occurrence of either in stage II 
should initiate a response to the other. The strong backward associa- 


tions found in stage II for group A, suggest that ST-CO's had come to be 


u 
reacted to as associated stimuli. The strength of the association was 
predictable from the munber of reinforcements in stage I after chance 
responding ceased. The strength of backward associations was also di- 
rectly related to the number of trials required to learn the association 
initially. Fewer numbers of trials to criterion meant that high accur- 
acy responding (during overtraining) would have a greater strengthen- 

ing effect on the association since reinforcement density over the entire 
stage was greater. The high correlation between stage I and stage II 


acquisition suggests a difference in subjects in ease of establishing 


associations. 


An explanation of stage I acquisition by A, subjects as learning 


1 
to respond in a particular direction according to the total stimulus 
configuration would not predict this immediate high level of accuracy 
in stage II. All of the configurations in stage II were different from 
those in stage I. A carry-over of a general effect of learning di- 


rectional responding would have yielded chance accuracy until the new 


configurations and directions for each were learned. 


The coding hypothesis (Cumming, Berryman and Cohen, 1965) states 
that coding responses are learned to the STs and not to the COs. 
Initial responding to the second A, problem would occur, according to 


the coding hypothesis, by coding response substitution. In stage I] 
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if subjects responded to the new STs with the old coding responses, 

the new COs would be responded to according to the coding response sub- 
stituted (Cohen , 1969). For example, on a new RYG configuration, if 
yellow were coded as red and red had been paired with blue, then the 
absence of a blue CO to which to respond would mean that chance respond- 
ing would occur until the coding response to yellow was learned and its 
correct CO was associated with it. Since responding to COs on the basis 
of similarity to old COs usually does not occur (Cohen, 1969), then the 
ST-CO* association learned in stage I would not necessarily be predicted 
to control stage II responding. If coding response substitution did not 
take place, then chance responding would occur until the new coding re- 
sponses and their response attachments were learned. Either with or 
without coding response substitution, the coding hypothesis is unable to 


predict the obtained associative symmetry. 


The central associative explanation predicted the obtained asso- 
ciative symmetry. Configuration and coding hypothesis approaches pre- 
dicted initial chance performance and gradual acquisition rather than 


high positive transfer. 


The group for which negative transfer was predicted did not sig- 
nificantly differ from the amatching control group in mean trials to 
criterion, mean number of correct responses on day 1 or percentage 
savings ie for the second problem. The predicted negative transfer 


for A, was found for only two of the six subjects in the group. 


Negative transfer would not be predicted using a coding hypothesis. 
If coding response substitution were to take place, then chance re- 


sponding should occur because the correct CO for response attachient was 
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no longer present as a CO. Either coding response substitution or chance 
responding without coding substitution would occur until the new coding 


responses and response attachments were acquired. 


A configurational approach would also predict chance responding 
until the new directions to the new configurations were acquired. 
Slight transfer effects might occur if the configurations were difficult 
to discriminate from those learned in the first stage but the effects 


could be either positive or negative and for A, should appear immediately. 


2 
As a group, transfer effects on day 1 were not apparent. 

A central associative explanation would predict strong negative 
effects from reversing the CO correct and incorrect values since the 
associations learned in the first problem would be expected to interfere 
with second problem performance. This explanation accurately predicted 
negative transfer for only a portion of the group. The remainder of 


the Ss showed positive, rather than negative, transfer. 


The configurational and coding hypothesis explanations predicted 
the A, group results for transfer to a second problem. The results were 
contrary to the central associative prediction of a strong negative 


transfer. None of the explanations accounted well for the division of 


the group results into positive and negative transfer. 


The coding hypothesis (Cumming and Berryman, 1965) better ac- 
counts for the acquisition findings of this study than the other expla- 
nations that were considered. An extension of its concepts seems war- 
ranted by the difficulties encountered in explaining transfer in match- 


ing and amatching. The authors of the coding hypothesis predict that 
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D3 
stimulus generalization can occur to either STs and COs (Cumming and 
Berryman, 1965). This suggests that coding responses to COs, as well 
as to STs, probably occur in learning matching and amatching problems. 
The central associative explanation better accounted for positive trans- 
fer in the present study. Conceptually, the proposed extension becomes 
a blending of the original coding hypothesis with central associative 


explanations. 


The extension incorporates two more types of coding responses, 
one to COs and one to the ST-CO association. Learning of coding re- 
sponses would begin to develop at different times in acquisition: 
coding responses to the STs would begin to develop first, then CO cod- 
ing responses would appear, finally the coding response to the asso- 
ciation would begin development. The coding responses are strengthened 
by reinforcement. The strongest coding response controls the responding 


form, each trial. 


Initially the events for each trial would be diagrammed as did 


Cumming and Berryman (1965): r /CO —>R ps _sItTt 
bua Yi, y, 


ST 
x 


“a 


r /CO —R —PITI 
x vA 7, 


The symbols mean: ST.» standard stimulus of x value; ts coding re- 
sponse to x value; oe and CO. comparison stimuli of y and z values; 
R_ and Ro» responses to y and z stimuli; ena reinforcing stimulus; 
and ITI, intertrial interval. In all diagrams the coding responses 


t 


and comparison stimuli are present simultaneously. [In matching, the 


x and y values are identical. 


As coding responses to the COs develop then the events of a trial 
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would occur in this : ~ 
pombe og CO —pr PR SS —o1TI 


aa 
x 


As reinforcement strengthens the associaticn between vr, and r 
and between r, and r, then the coding response to the association 


develops: a 
CO —>r —pr "ors" errr 


ee y xy 


ST. rea 


SS 


0 - —_ 
C 2 ee eee —PR lil 


The Si and ee coding responses would contain information about 
elements of both the stimuli plus the nature of the association or re- 
lation between the stimuli, such as positive or negative, or similar or 
different. The negative association develops last and provides the sub- 
ject with information about negative stimulus associations. This allows 


exclusive, as well as inclusive, responding to stimuli. 


The extended coding hypothesis would predict a slight advantage 
in initial acquisition for matching over amatching since the coding 
responses learned to COs would be more similar to those learned to the 
STs than for the amatching group. Coding responses being learned to 
STs are gradually used for COs. The subjects still have the same 
number of coding responses to STs and to associations to learn in both 
groups. The present study found acquisition of matching occurred sooner 
but the finding was not significant. Coding responses, such as a re- 
sponse to oddity, could be in initial control for matching. This would 


attenuate differences in initial acquisition of the two problems since 


yo tie sr anti ose wena sasesorolates wh 
mobintodass ali oF seroqgae? sinthoa oft mada 7 pe 


TE Tans tee J ams tl 
tom re | - 

Ps << ; 

ITi+— te ten J el ' 


Juods nalsenrotnt fthesio2 hincw uggdeques grioes ou ~ bie et ant a 7 
<ox 10 nobtaloobes x3 4p svisaa ait euiq tivwtaa sda ded 3 rian 
so wolints 19. svidsgen 36 ovisincg as dove ,iivelsh on deowted sokigh 7 


~due sty vabhvozq bre seof aqokeveb dotislocage svigagen 947 rer: ee 
avolin ata? ,anckintzoner ei lunite svi3sgeu suvde motiemxo tad dstw dost ~ 2 


ttuatsn oy aptbnogqas7 ,ovteuton! ea Dov ae ,ovkeoione — 


egesnevbs idptfe 2 ttbery blvcw alesddoqydt anthon bebmedxo sa? aa 


aniias eis anes gridorens t3v6 Untdsdam 70 nel sretupaa LekeRak nat = 
— 


add oy bemrsel esods 0) Yalinie orom.ed binaw a0) ot besvest esecoqest 


os bovine! gated cetaogess gnihod ,quoxg galdodeey att yet nnd ama s 
anee ola svad iikve ates{dua ofT . 269 vat bow (itwobery ae -aB> 1 


wi 


Aged nt noel 03 andtanigeeds of hos #74 03 seenoqeys ghthos Ie ‘edaun 
san0ew ‘berziss0 gatdsiet Yo netzintupss Sqvol vbhuse iowessQped? a 
“#30 ut fue 4eenmoqaos jatloy devo! ttagte, sow eivantbae? | 
bivew «tet -pardoann yo? Lowes [e}ili no) ad bines ,yotbhe 
shade: oealdora oud wit To nntsiarupon Taitiatent ; 


35 


the old coding responses would have to be reduced in strength before 


new ones could emerge. 


Initial control of responding by variables such as position, 
color or oddity preferences would be the result of strong coding re- 
sponses for these stimulus values. As learning progresses the aspects 
of the stimuli relevant to problem solution become the qualities that 
are preserved in the coding. Greater reinforcement of one dimension 
value over another would result in differences in coding response 
strength and should be reflected in greater accuracy or earlier acqui- 
sition of preferred stimulus values. The present study demonstrated 


that preferred values were usually learned first. 


The extended coding hypothesis would predict generalized match- 
ing behavior after sufficient numbers of coding responses to associa- 
tions between identical stimuli had been learned, since the coding re- 
sponses for identity would then control responding. The strength of 
responding to nature of an association would be acquired more slowly 
than coding responses to STs and COs so considerable strengthening 
would have to occur before a substitution of a coding response to sim- 
ilar stimuli would take place in a new situation. The increase in pre- 
solution accuracy in a second matching problem lends some support to 


this prediction. 


The coding responses to associations for amatching already con- 
tained learned elements to stimuli from stage I acquisition. The sig- 
nificantly low accuracy of responding for two amatching control subjects 
at the beginning of stage II supports the suggestion that ST coding 
responses learned in stage I were used in stage II when the same stimuli 


were then COs. The new STs were responded to by substitution of the 
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other coding responses learned in stage I: blue was responded to as 
violet and yellow as orange. This substitution along with transfer of 
the coding responses to associations in stage I yielded low accuracy 
responding, since a coding response to orange was now paired with one 


for green rather than with red as in stage I. 


The associative symmetry found in this study is readily predicted 
by the extended model because all coding responses (to STs, COs and to 
associations) are still relevant to problem solution in stage II. For 
those subjects not showing high accuracy on day 1 the strength of a 
coding response to red and the strength of the BR pair were greater 
than for other stimuli, suggesting that the coding response to a YG 
association did not yet control responding for that pair. The correla- 
tion found between number of trials to criterion for the two stages 
suggested differences in subjects in ease of developing and in strength 
of coding responses. In A, stronger associations were obtained with 
subjects taking fewer trials to criterion. The effect of overtraining 
would be to strengthen the associations and would do more so for those 
subjects who had experienced fewer trials during which the associations 
were weak or absent. The proportion of high accuracy responding to 
total responding was greater for faster subjects so the coding responses 
to associations should have been proportionately stronger than for 


slower subjects. 


The positive savings found for most subjects in A, where negative 
interference had been predicted would be explained by the extended cod- 
ing hypothesis as a result of having only to learn a different nature 
of the association while the coding response to the association con- 


tinued to contain the elements of the x and y learned from the ST and CO 
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coding responses. The coding responses to STs and COs would continue 

to be relevant. If the stage I coding responses to associations were 
relatively weak then the change in nature should be learned more rapidly 
than if they were strong. Most of the subjects showing positive savings 
had shown relatively long presolution periods in stage I so the strengthen- 
ing of coding responses to associations during the overtraining period 


would be assumed to be less than for faster subjects. 


The extended coding hypothesis has the same difficulty as the 
original proposed by Cumming and Berryman (1965) in predicting what 
coding responses will be used as substitutes in a new situation until 
new, appropriate ones are learned. They predict that the strongest will 
control responding but an independent measure of coding response strength 
is not always available in advance. Stimulus similarity is often not 
a reliable indicator (Cohen, 1969). However, the addition to the coding 
hypothesis of coding responses to COs and associations was beneficial 
in accounting for associative symmetry and negative transfer in amatch- 
ing and in accounting for differences in matching and amatching transfer 


in this study. 


Matching and amatching in budgies 

Budgies acquired matching behavior at speeds and accuracy levels 
comparable to those previously reported for chimpanzees, rhesus monkeys 
and pigeons. Chimpanzees required about 2,000 trials to match colors 
correctly (Ferster and Hammer, 1966). Two rhesus monkeys matched two 
objects with 95% accuracy in 25 consecutive responses in 1,199 and 950 
trials. Four out of six budgies demonstrated accuracies of at least 


95% for 20 consecutive trials and did so in sto) vey UBVA0) tererleUlbei, = S25 
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pigeons averaged 896.7 trials (range 410-1660) to match two colored 
stimuli to a level of 80% correct in 20 consecutive trials for two 
halves of one daily session (Ginsburg, 1955). Three pigeons matched 


colors to an 80% level taking about 600 to 720 trials (Cumming and 


Berryman, 1961). 


In this study less clearcut differences between matching and 
amatching acquisition curves were found for budgies than in data for 
pigeons. Acquisition curves for matching and amatching in pigeons 
differed considerably in appearance: the former showing chance behavior 
followed by steep rises to criterion, correlated with a loss in position 
preference, and the latter showing much more gradual acquisition and 
less correlation with position preference behavior (Cumming and Berryman, 
1965. The matching curves for budgies fluctuated around chance more 
than those for pigeons and showed some gradual rises to criterion, and 
the amatching curves showed both types of rise to criterion. Prefer- 
ences in matching and amatching were equally strong in this study unlike 
the findings for pigeons. Budgies demonstrated more color preferences 
than pigeons in matching and amatching presolution periods (Cumming and 
Berryman, 1965). Once criterion was achieved in stage I, there was no 
consistent trend of increase in overall accuracy during the seven ses- 
sions of overtraining for either matching or amatching. Pigeons con- 
tinued to show some increases in accuracy in amatching but did not 
reach a level comparable to that found in matching tasks, (Cumming and 
Berryman, 1965). 

Budgies showed considerably less transfer of matching to a 


second problem than rhesus monkeys, who averaged 64 and 85% accuracy 


on their first 25 trials (Weinstein, 1945), and slightly less than 
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pigeons, one showing immediate transfer, two others taking 240 to 720 

trials to reach 80% accuracy (a savings of 52% for these two) (Ginsburg, 
1955) and one showing 75% accuracy on the second day (Cumming and Berry- 
man, 1961). The strength of backward associations on day 1 of Stage II 


was greater than that reported for pigeons (Gray, 1966). 


Conclusions 


The primary difference found between matching and amatching was the 
increase in presolution accuracy in the second matching problem compared 


to the level in the first matching problem. 


Strong evidence for associative symmetry was found in the amatch- 
ing group, Al: 
Budgerigars proved to be useful as subjects in this study, per- 


forming matching and amatching tasks at speeds and at levels of accuracy 


within the ranges found for chimpanzees, rhesus monkeys and pigeons. 


A configuration explanation predicted the increased presolution 
accuracy in the second problem for matching. A central associative 
explanation accounted well for the obtained associative symmetry but 


predicted greater negative transfer than was obtained in A Greater 


3° 
differences in favor of matching in acquisition and transfer would 


have been expected from both of these approaches. 


The coding hypothesis accurately predicted little difference in 
matching and amatching in acquisition but could not account for the 


transfer results obtained. 


An extended coding hypothesis incorporated the useful fea! ires 


of the central associative explanation into the original coding hypoth- 
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esis and yielded more satisfactory explanations of the results obtained 
in this study. Limitations are still found with this explanation, such 


as in predicting the coding response substitutions that will take place 


in a new situation. 
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Table 8. Number of trials for subjects to complete 
criterion. 
Groups Stages Subjects 
1 2 3 4 5 6 
I 460 1280 430 
oe 
II 440 790 280 
I 360 640 999 
M, 
II 440 280 860 
I 520 780 1080 750 280 559 
A 
I II 80 120 160 156 80 80 
I 400 1320 1000 600 1080 900 
a 
3 II 700 1320 540 360 ETA es 
I 1362 1290 870 690 460 
A, 
II 240 640 470 490 400 
I 1350 850 1240 780 510 
A 
4 II 630 320 760 400 300 
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Table 9. Type of presolution preferences displayed 
by individual subjects. 


M 


er ar Ene enneeeeenernenern nna 


ups Stages 

Subjects I (ihe 
1 Left Right 
2 Left Yellow-Right 
5 Right Yellow 
1 Right (Left) 

Yellow Green 

3 : Right (Green-Left) 
1 (Yellow-Right-Y.-Left) 
2 Yellow-Left-(Right) 
3) Yellow-Right 
4 Right 
5 Yellow-Right 
6 Right 
1 Right- (Yellow) (Green-Right-G. )-Left-(Rt.) 
2 Right Right-Left 
3 Right Left 
4 Yellow-Right (Lef t-Red-Right) 
5 Yellow (Right-Green) 
6 (Left)-Right-(Left) (Red)-Right 
1 Left-(Orange-Left) (Red-Right) 
2 Right Red 
5 Orange (Right) 
4 Orange-Right-Left Red 
D Right Red 
1 Right Right-(Red-Left) 
2 Right-(Orange-Violet) (Red) -Green 
3 Right-Orange-Right Left-(Green-L.-G.) 
4 Right Red-(Right-R.~-Lef t-Green) 
5 Right Red 


Preferences are in the order 
least two consecutive days. 
in parentheses. 


displayed during presolution for at 
Moderate preferences, 50 to 70%, are 
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Table 10. Average accuracy during overtraining for 


individual subjects. 


: 


Sub4 
ubjects M, M, AL A, A, A, 

th 16D 7 MENS 18.43 17.43 erp eRe L743 

2 LB. 74) 16.86 18.00 16.43 16.14 16.86 

3 16.71 17.14 Tos07 LSet 16343 16,07 

4 17.43 19.00 16.86 16.14 

3) 17.14 18.29 16.43 16.00 

6 19.00 19.43 

Table 11. Average accuracy per one-quarter blocks 
of acquisition. 
; Stages Ir 
Blocks Blocks 
il 2 S) 4 t 2 3 4 

M 9.09 Oy. Li7 Leas: aes) 12.80 Las26 Leon, 
Ay Dee, MO sys) 2203 12.36 
A, 9.88 9.86 10.46 12516 la Tike 10.92 LaG2 13.04 
A 9.81 LO, 17 L035 L193 Oro2 10.24 11.04 76 
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Table =l2. Accuracy "in final 920 trials Gor dayal in stage 11. 


—_—_—_———_:.S—_— nk ee ea 


Subjects M, M, A, A, A, A, 
1 10 i 18 10 1 9 
” 9 2) 14 9 9 4 
S 11 Gt) 14 9 Alt 4 
4 16 9 9 Wee 
5 18 14 10 12 
6 i 7 


Table 13. Percentage savings scores for individual subjects. 


Subject M M A A A A 


1 2 il 2 3 4 
1 4 ee 85 = 82 53 
2 38 56 85 0 50 62 
5 35 14 85 46 46 33 
4 TAS) 40 29 49 
5 7a 67 i3 41 
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Figure 13. Accuracy of responding to stimulus configurations (CO 
underlined) in stages I and II for amatching group A 
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Figure 14. Accuracy of responding to stimulus configurations (co 
underlined) in stages I and II for amatching group A 
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Figure 15. Accuracy of responding to stimulus configurations (CO 
underlined) in stages I and II for amatching group A... 
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Figure 16. Accuracy of responding to stimulus configurations (CO 
underlined) in stages I and II for amatching group Ay: 
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Figure 27. Correlation of trials to criterion in stages I and II for 
group Al: 
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